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In South Africa, continued high mortality of pines during regeneration has created a need to revisit research on the use of insecticides and/or
fungicides during planting. Data from thirty pine trials planted between 1990 and 2002 that included a pesticide treatment were explored to
determine the effect of the application of a pesticide at planting on survival of pines up to 12 months after planting, and to identify the season and
silvicultural management conditions conducive to these effects, if any. At 12 months the average survival of the treated seedlings exceeded that of
a water planted control by 4%, 14% and 9% where an insecticide, fungicide or both were applied at planting. While the best response to the
application of a fungicide occurred where the harvest residues were burned, and infection with the pathogen Rhizina undulata was likely to occur,
there was also an increase in survival where the harvest residues were broadcast. The application of an insecticide at planting increased survival in
summer and autumn. This study highlighted the current lack of registered fungicides for use on pines during regeneration in South Africa.
© 2006 SAAB. Published by Elsevier B.V. All rights reserved.Keywords: Pinus patula; insecticide; fungicideIn the summer rainfall region of South Africa (SA) mortality of
pine seedlings during regeneration of commercial plantations is
unacceptably high and blanking (the replacing of dead seedlings)
is expensive and not always successful. This results in sub-optimal
stocking which affects final yield in a pulpwood stand (Morris,
1995), and the number of trees available for selections in a
sawtimber stand. The cause of high mortality during regeneration
is not well documented, but could be due to any one, or
combination, of the following factors: heat and water stress, insect
pests and diseases, seedling quality, poor handling between the
nursery and the field and incorrect planting methods (Morris,
1990; Bayley and Kietzka, 1997; Allan and Higgs, 2000; Allan et
al., 2000; Rolando and Little, 2004, 2005). Some of these factors
can be directly managed and eliminated as potential causes of field
mortality, such as seedling quality, nursery to field transport and
handling and plantingmethod. Other factors, such as post-planting
climatic conditions and outbreaks of insect pests and diseases, can
only be indirectly managed either by avoidance, i.e. not plantingE-mail address: carol@icfr.unp.ac.za.
0254-6299/$ - see front matter © 2006 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2006.04.005during periods likely to exacerbate the problem, or through the
application of preventativemeasures such as plantingwithwater to
avoid post-planting water stress or applying a pesticide, such as an
insecticide or fungicide, to the planting pit. Preventative measures
incur additional costs and are only justified when their application
guarantees an equitable increase in survival.
Mortality of seedlings during regeneration due to pests and
diseases is widespread and, worldwide, timeous treatment of
seedlings with appropriate pesticides at planting and practice of
pest management recommendations has been found to improve
post planting survival (Hodges, 1964; Haywood and Tiarks,
1994; Hallgren and Ferris, 1995; Brissette et al., 1996; Salom,
1997; Lindelow and Bjorkman, 2001). Haywood and Tiarks
(1994) reported a significant increase in survival for up to 10 years
of P. elliottii Engelm. seedlings treated at planting with the
systemic fungicide triadimefon, effective against several plant
diseases including fusiform rust, the most destructive disease ofP.
elliottii. The pales and pitcheating weevils,Hylobius palesHerbst
and Pachylobius picivorus Germarb, are the most serious insect
pests of pine regeneration throughout the southern United States
(Lynch and Hedden, 1984; Salom, 1997). Similar to the barkts reserved.
Table 1
Details of the region, planting date, slash management and pesticide treatments of the trials included in the database and used to assess the survival of pine seedlings in
response to application of a pesticide to the planting pit
Shaded cells indicate the absence of a pesticide treatment or, reference.
⁎ The abbreviations KZN, SWZ and MPU have been used for Kwazulu Natal, Swaziland and Mpumalanga.
1None of the pesticides used in the trials included in this dataset are registered, or certified, for use on pines in the field and therefore cannot be recommended for
use in commercial operations. According to the law, pesticides may not be recommended, or used, for any purpose except as described on the label (registered).
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Table 2
Summary statistics and paired t-tests for survival for the insecticide, fungicide and insecticide & fungicide datasets at 3 and 12 months after planting
Treatment 3 months 12 months
n % Paired t-test (transformed data) n % Paired t-test (transformed data)
Insecticide
Control 36 89±11 df=35;
t0.05=2.78⁎
33 82±15 df=32;
t0.05=2.24⁎
Treated I 36 92±9 33 86±15
Fungicide
Control 30 80±18 df=29;
t0.05=4.28⁎
29 71±21 df=28;
t0.05=2.43⁎
Treated F 30 92±9 29 85±14
Insecticide and fungicide
Control 24 85±13 df=23;
t0.05=3.87⁎
24 77±15 df=23;
t0.05=3.77⁎
Treated I and F 24 93±10 24 86±13
Note: ⁎ indicates P(t≥ to)=0.025; one tailed t-test (Steel and Torrie, 1981).
Fig. 1. The relative survival (%) of the treated (I) compared to control seedlings
shown as a function of season (spring, summer or autumn) at 12 months after
planting. The line at zero indicates the control. Points above the line indicate an
increase in survival of the treated seedlings relative to that of the control. Points
below the line indicate a decrease in survival relative to that of the control.
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the bark of seedlings during spring and autumn, with the intensity
of their impact dependent on the time elapsed between clearfelling
and regeneration. Management to reduce mortality includes
delaying replanting for one to two years after harvest or treating
the seedlings with an insecticide either before or after planting
(Nord et al., 1978).
Between 1990 and 2000, a considerable amount of applied
research on pest management during regeneration was con-
ducted on behalf of the SA forestry industry (Morris, 1990;
Atkinson and de Laborde, 1993; Atkinson and Laing, 1996;
Atkinson and Govender, 1997; Atkinson, 1999; Allan and
Higgs, 2000) with fewer, more isolated studies conducted
between 2004 and 2005 (Mitchell et al., 2004; Rolando and
Allan, 2004; Crous, 2005). The majority of these studies have
shown that the application of a pesticide to the planting pit at
planting increases survival of pine seedlings over those planted
with water only. The magnitude of the response often coincided
with a specific season of planting, possibly related to when the
insect pest or disease outbreaks occurred, or method of harvest
residue management (Allan and Higgs, 2000; Rolando and
Allan, 2004). Common insect pests and diseases of pine
seedlings during regeneration in SA include: Hylastes angu-
status (pine bark beetle); Agrostis spp. (cut worm); Rhizina
undulata Fries; Fusarium circinatum Nirenburg and O Donnell
and Diplodia pinea (Desm.) Kickx. (Germishuizen, 1984;
Swart et al., 1985; Kirsten et al., 2000; Wingfield and Roux,
2000).
Based on the previous research in SA, silvicultural re-
commendations to avoid outbreaks of the common insect pests
and diseases were developed to assist foresters during the re-
generation period (Germishuizen, 1984; Kirsten et al., 2000;
Wingfield and Roux, 2000). While adhering to the label and/or
pest management guidelines may reduce mortality, their
application often requires some understanding, both spatially
and temporally, in any particular region as outbreaks may be
controlled by natural phenomena beyond the foresters control.
To overcome some of these difficulties, preventative treatmentscould be applied during all replanting operations. Since the
percentage mortality attributable to various insect pests and
diseases has rarely been quantified, management decisions to
apply pesticides at planting cannot be made with any justi-
fication or guarantee in cost recovery. In addition, the lack of
suitable chemicals as determined by certification may also
hinder pesticide use.
The isolated and site-specific nature of many of the pesticide
trials that have been implemented in SA has made it difficult to
understand any trends in the magnitude and variation of the
response in survival. In addition, despite much research, field
mortality of pines continues to be high. In order to increase our
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generation there was a need to combine the results of previous
pesticide research trials. A database of thirty pine trials planted in
the summer rainfall region of SA was compiled, where at least
one treatment included the application of a pesticide to the pit at
planting. The objectives of the study were to determine the effect
of the application of a pesticide at planting on survival of pines
up to 12 months after planting and to identify the seasonal and
silvicultural management conditions conducive to these effects,
if any.
Thirty pesticide pine trials, planted in the summer rainfall
region of SA, formed the database. The summer rainfall region
for commercial forestry in SA extends along the eastern
seaboard, and includes plantations in the Eastern Cape,
KwaZulu–Natal and Mpumalanga. The only treatments that
were included were insecticide (I) and/or fungicide (F) applied
at planting and a water planted control. Where more than one
pesticide product or rate was used, the selection of the treatment
to include in the database was based on that which was used for
future recommendations. Insecticide treatments included the
active ingredients gamma BHC and deltamethrin (Table 1), both
contact insecticides effective against a wide range of pests
(Tomlin, 1997). Gamma BHC is not effective against cutworms.
Fungicide treatments included benomyl and prochloraz, both
broad spectrum fungicides (Table 1), (Tomlin, 1997). Details of
the original trials from which the data were extracted including
information pertaining to the region, planting date, harvest
residue (slash) management and pesticide treatments of each
trial, are shown in Table 1. Most of the trials were planted to
Pinus patula Schiede ex Schlect. and Cham with only two
trials, Nos. 23–24, planted to Pinus elliottii.
For each trial, survival data at 3 and 12 months after planting
were analysed using an ANOVA appropriate for the original
trial design. The mean percentage survival of the seedlings in
the relevant pesticide treatment/s and the control were extracted
and incorporated into the database, along with other details
appropriate to that trial. The pesticide treatments were grouped
into one of three datasets: seedlings treated with an insecticide
only and referred to as treated (I) in the text, seedlings treated
with a fungicide only and referred to as treated (F) in the text
and seedlings treated with both an insecticide and fungicide and
referred to as treated (I&F) in the text.
In all cases the pesticidewas applied to the planting pit in either
1 or 2 l of water before placing the seedling or as a drench after
planting (no distinction was made between the method of
application in any further analyses). Some of the trials contained a
factorial arrangement of pesticide treatments in combination with
various methods of slash management (Table 1). Data from these
interactions were used for further analyses and as such each entry
in the database is referred to as a planting event, instead of a trial.Fig. 2. The relative survival (%) of the treated (I, F; I&F) to control seedlings
shown as a function of slash management (burn, broadcast or clear) at 12 months
after planting. The line at zero indicates the control. Points above the line
indicate an increase in survival of the treated seedlings relative to that of the
control. Points below the line indicate a decrease in survival relative to that of
the control.
Fig. 3. The difference in average survival between the treated (I, F; I&F) and
control seedlings shown as a function of the survival in the control at 12 months
after planting. Points above the line indicate that survival of the treated seedlings
was better than that of the control. Points below the line indicate that survival of
the treated seedlings was worse than that of the control.
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planting and included either burning of the slash (burn), spreading
of the slash evenly across the site (broadcast) or clearing of the
slash off of the site (clear). All planting events were also grouped
according to the season of planting: spring (September to
November), summer (December to February), autumn (March
to May) and winter (June to August). No trials planted in winter
included a pesticide treatment.
Survival values for the treated and control seedlings for each
planting event were incorporated into the database in two ways:
(1) as the mean percentage survival of the treated (I; F; I&F) and
control seedlings for any planting event (survival), and (2) as
the difference in survival between the treated (I; F; I&F) and
control seedlings expressed as a percentage relative to that of
the control seedlings for any planting event (relative survival)
(Eq. (1)). This method allows for comparisons to be made
across a large number of trials with variable site conditions.
relative survival ¼ survival treated ðI; F; I&FÞ−survival control
survival control
ð1Þ
As the study focused on either the difference in average
survival between a treatment and a control, or the change in
survival of a treatment relative to a control (relative survival) for
many planting events from a series of separate trials, structured
type analyses (ANOVA) were not appropriate for analyses
relevant to the three datasets. Rather, summary statistics, paired
t-tests and linear regression were used to explore the data and
investigate relationships between the explanatory variables
(treated, control, season and slash management) and the
response variables (survival and relative survival), (Steel and
Torrie, 1981).
Even with the appropriate data transformations no regression
models were able to account for more than 20% of the variation
in the datasets, indicating that there were other factors, not
accounted for by this set of explanatory variables, that affected
survival. This was possibly also a function of the high
variability within the datasets, the small sample sizes and the
skewed nature of the distributions. However, strong visual
trends did occur and the best way to represent the data was
graphically with the use of basic statistics.
Average survival of the treated seedlings was significantly
greater than that of the control seedlings for all planting events at
3 and 12 months after planting (Table 2). At 12 months the
average survival of the treated seedlings exceeded that of the
control seedlings by 4%, 14% and 9% for I, F and I & F,
respectively. For the insecticide dataset, the relative survival
increased from spring to autumn (Fig. 1). The explanatory
variable season did not allow for the separation of treatment
differences in the fungicide and insecticide and fungicide
datasets as most of the trials were planted during summer and
autumn.
For all three datasets the method of slash management (burn,
broadcast or clear) affected relative survival at 12 months (Fig.
2). Poorer survival of the treated relative to the control seedlings
occurred for all datasets where the slash had been cleared.
Where the slash was broadcast, the application of a pesticide atplanting generally increased relative survival. In areas with
broadcast slash, average survival of the treated seedlings
compared to the control was 86±15% versus 82±15% for the
insecticide dataset, 87±15% versus 75±20% for the fungicide
dataset, and 87±12% versus 77±16% for the insecticide and
fungicide dataset. Where the slash was recently burned the
application of a fungicide increased relative survival for all
planting events. The application of a fungicide to the pit at
planting increased average survival from 57±25% to 88±11%
at 12 months after planting. A lack of data for the insecticide
(n=2) and insecticide and fungicide (n=1) datasets for the burn
treatment limited further exploration. Regardless of the season
of planting or management of slash, the magnitude of the
increase in survival in response to the application of a pesticide
at planting, tended to increase as survival in the control
decreased (Fig. 3).
The greatest increase in survival in response to the application
of an insecticide at planting occurred in summer and autumn in the
broadcast treatments. This trend may be biased by the smaller
number of trials conducted during spring (n=8), winter (n=0) and
in burned areas (n=2), but has also been observed in other trial
series. Atkinson and Govender (1997) found that mortality of
seedlings increased through the planting season, with the most
severemortality occurring fromMarch orApril onwards, possibly
coinciding with a seasonal increase in insect activities. Morris
(1990) also found that peak feeding activity of the bark beetle H.
angustatus occurred during summer.
In all three datasets, survival of the control seedlings
exceeded that of the treated seedlings generally where the
slash had been cleared. Since clearing of slash off a site is not a
common method of slash management, this result may not be
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is piled into windrows, a similar response may occur in the
cleared areas between the windrows, and this needs to be
investigated further. The application of a pesticide increased
survival in both broadcast and burn treatments, indicating that
the presence of pests and/or diseases was not affected by either
method of slash management. However, more data needs to be
collected on the effect of an insecticide application in burned
areas to fully quantify the magnitude of an expected response.
For the fungicide dataset, high mortality of the control seedlings
in comparison to the treated seedlings in the burned areas was
possibly due to the presence of R. undulata (Germishuizen,
1984). However, the likely pathogen in the broadcast treatment
is unknown. In a field survey, Atkinson and Laing (1996) found
disease related mortality of pines to be very high, with up to
20% mortality occurring from unknown pathogens. It was
suggested that many of the disease problems in the field may be
carried over from the nursery. More recently, the possible
incidence of F. circinatum (Pitch canker) in the nursery and
carry over into the field has motivated research into the use of
fungicides during regeneration (Mitchell et al., 2004; Crous,
2005). Crous (2005) reported an increase in survival of pines in
response to the application of a fungicide at planting, with F.
circinatum identified as the predominant pathogen. Since there
are no registered fungicides for use on pines in the field, routine
preventative applications of fungicide at planting cannot be
considered at present. This is of serious concern for the
successful regeneration of pines, particularly P. patula, in the
summer rainfall region of SA. Any further research should be
focused on the identification of suitable and certifiable
fungicides appropriate for the diseases common to the summer
rainfall region.
This investigation indicated that the magnitude of the
increase in survival, in response to the application of a pes-
ticide, is most likely to be high in areas prone to poor sur-
vival, but also that the response is highly variable. If routine
preventative remedies are to be applied for pests or diseases
of establishment, forestry companies will have to determine
the cost threshold beyond which economic returns will be
unlikely. This threshold will be determined by the cost of the
application versus the cost and risk of blanking and low
stocking at clearfelling. This synthesis of data shows that
preventative pesticide treatments applied at planting have the
potential to increase survival especially through, but not
limited to the application of (1) an insecticide when planting
during summer or (2) a fungicide when planting into com-
partments that have been burned within 6 to 9 months of
planting. The data indicate an average of 4%, 14% and 9%
increase in survival at 12 months in response to the ap-
plication of an insecticide, fungicide or both during planting.
Whether a 4% increase in survival at 12 months covers the
cost of the application of an insecticide remains unanswered.
An increase in survival in response to a pesticide treatment
applied at planting is also no guarantee of a concurrent
reduction for the need to blank, especially when mortality
at 3 months exceeds 10%. Insect pests and diseases are
only one of a number of factors that need to be consideredduring regeneration, as seedling handling, seedling quality
and soil water content are also important determinants of
survival.
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